Virtually unlimited numbers of hydra can be grown under precise conditions in the laboratory with relative ease. Artemia cysts must be treated to remove gross contamination before hatching the nauplii to be used as the food of hydra. Large volumes of a variety of chemically defined culture solutions should be prepared. A particular regimen of animal care especially devised for aquatic invertebrates must be adhered to. General requirements for, and the advantages of, laboratory cultivation of aquatic invertebrates are discussed.
. Materials for mass culture of hydra. A culture trays. B plastic I litre stock culturesolution bottles with automatic dispenser. C Artemia hatching bag. D 'Pyrex' dishes and baster. E plastic juice-container. F culture-solution containers. G distilled-deionized water store. H dip net.
x 4 inch (14 X 19 x 10 cm) and is manufactured by Tri-State Plastic Company, Henderson, Kentucky 42420.
Distilled-deionized water (Fig. I, G) . A simple and inexpensive method for preparing and distributing the large volumes of distilled-deionized water needed for the mass culture of hydra has been described by Reasor & Lenhoff (1968) .
Barnstead 'Red Cap Cartridges'.
It is crucial that water used for culture solution be free of most ions. Such water can be readily obtained by passing distilled water through a Barnstead mixed-bed resin ('Red Cap Cartridge' no. 0808, Barnstead Still & Sterilizer Company, West Roxbury, Massachusetts 02132).
METHODS

Preparation of Artemia cysts for hatching
Nauplii of the brine shrimp Artemia salina (Leach) are still the most convenient and suitable food for rearing hydra.
The Artemia can be purchased as inexpensive and stable cysts which can reliably yield large numbers of nauplii on demand.
Commercially available Artemia cysts, however, are heavily contaminated and we now treat them so that they are freed from most of the contaminating microorganisms. Artemia cysts lose viability when stored at room temperature, but keep well at -20°C. Before treatment cysts should stand at room temperature for at least a week; otherwise poor yields of nauplii will result.
Most non-living debris can be removed from the cysts by the following washing procedure:
1. place about 1 litre of cysts in a 4 litre beaker and bring the volume up to 3 litres with cold 0.2 M NaC!. Let the slurry stand for several hours at about 4°C. The temperature should be kept low to prevent premature development of the cysts; 2.· aspirate off any cysts that float. Decant the remainder of the saline solution and repeat the 0.2 M NaC! wash (about 3 times) until a clear solution is obtained;
3. after the final wash, bring the volume to 4 litres with saturated NaCI solution. Because this treatment eventually dehydrates the cysts and thereby slows their development, the remainder of this step may be carried out conveniently at room temperature. In saturated NaC!, the cysts float and the heavy contaminants, particularly sand, settle out. Aspirate off these contaminants by inserting a glass suction tube to the bottom of the beaker. For smaller batches a separatory funnel can be used for this step. Repeat the flotation procedure as many times as necessary to remove the extraneous material; 2 washes usually suffice; 4. as the cysts settle, draw off any clear solution and store at 4°C in the saturated NaCl solution. These osmotically dehydrated cysts will retain their viability for months.
To decontaminate the washed cysts remove the saturated NaCI and replace it with about 3 litres of cold 0.2 M NaCI containing 70 ml of 'Antiformin' solution (Nakanishi, Iwasaki, Okigaki & Kato, 1962) per litre. Antiformin solution may be prepared by dissolving 5.68 g NaOH and 3.2 g Na 2CO3 in 100 ml of a 5.25 per cent sodium hypochlorite solution. Stir the cyst slurry with a glass rod every 5 minutes for 15 minutes. Do not use a magnetic bar stirrer as it damages the cysts. Allow the cysts to settle and decant the resultant dark solution. The discoloration of the solution is caused by release of material from the cyst shell. Repeat this procedure, decant the antiformin solution, and wash the cysts in 4 successive changes of cold 0.2 M NaCI. Store these cysts at 4°C for 3 to 4 days, changing the solution several times each day to assure complete removal of the antiformin. For final storage of the treated cysts, replace the 0.2 M NaCI solution with sterile saturated NaCI and store at 4°C. The antiformin treatment removes the large bacterial and fungal population associated with the Artemia cysts. Although the Artemia are hatched under non-sterile conditions, the napu]ii that are produced are essentially free from microorganisms, as evidenced by low bacteria] counts of the medium and by the reduced rate of accumulation of bacterial slime in the culture dishes.
The cysts may also be decontaminated with thiomersal ('Merthiolate') as described by Provasoli & Shiraishi (I959), but we have found nauplii hatched from such cysts to be toxic to hydra.
The direct addition of antibiotics to hydra culture solution to retard the growth of bacteria is not recommended because of the likelihood of selecting a population of antibiotic-resistant microorgalllsms.
Artemia hatching and harvesting
Although the naup]ii will hatch in a wide range of salinities as long as sufficient oxygen is present (Clegg, ] 964), their survival depends upon suitable ionic balance (Croghan, ] 958). A modification of the solution described by Fulton (1960) gives good yields of viable nauplii.
To prepare the concentrated stock hatching solution, dissolve 864 g NaCl, 24 g NaHCO 3' and 12 g of disodium ethylenediamine tetra-acetate (Na 2EDTA) in 8 ]itres of distilled water (dissolve the NaHCO 3 and Na 2EDT A and about 200 g NaCl in 4 ]itres of water, and then add to that 4 litres of hot water containing the remainder of the NaCI).
Hatching is carried out in a conical plastic bag ( Fig. I, C ) of 2 litre capacity. The bags are provided with a metal-reinforced eye and may be hung from a ring stand equipped with a side-arm or clamp.
An aeration stone is placed in the bottom of the bag, and is attached to a low-pressure air pump.
To prepare a batch of nauplii that will provide food for more than 200000 hydra, add to the hatching bag].5 litres of distilled water, 80 m] of the stock hatching solution, and a teaspoonful of the cysts.
This system is advantageous because the conical shape of the bag allows mild aeration to keep most of the cysts suspended and oxygenated for the entire incubation period.
The hatching temperature is important. We obtain satisfactory yields after 24 hours at 22-24°C. If desired, the yield may be increased somewhat by incubating at 22-24°C for 30 hours, or at 30°C for a shorter period of time.
Harvesting is accomplished in 2 steps. First, remove the aeration stone and allow 10 minutes for the unhatched cysts and discarded cyst cases to separate.
Some sink to the bottom and others rise to the top. The hatched naup]ii collect towards the bottom of the bag immediately above a layer of unhatched cysts. To collect these, insert into the bag a glass tube, inside diameter 0.25 inch (6:5 mm), attached to 2 ft (0.6 m) of plastic tubing with AND RAY DuBOIS BROWN the end of the tube positioned within the cloud of hovering nauplii. Establish a siphon, allowing the nauplii to pass through' the tube and into a clear-plastic refrigerator juice-container ( Fig. 1, E) . Draw off (with as little of the hatching solution as possible) the nauplii as well as the layer of cysts at the bottom; thus the larvae that were entrapped in that layer can also be recovered.
Add sufficient hydra culture solution (see below) to the plastic container with nauplii until it is almost overflowing.
Have the container slightly inclined, and positioned so that the spigot overhangs the edge of the sink and opens into a 125 mesh (0.2 mm openings) dip net ( Fig. 1, H) fixed there. After about 10 minutes the unhatched cysts sink to the bottom while the nauplii form a dense accumulation just off the bottom of the container.
Take care to draw off and to collect in the net only swimming nauplii.
To remove the last traces of the saline hatching solution, rinse the nauplii in the net with 2 or more litres of hydra culture solution.
Invert the net into a casserole dish and pour hydra culture solution through the net, thereby washing the nauplii into the dish. Since nauplii lose their motility in fresh water, feed them to the hydra within 2 hours after harvesting.
The unused nauplii may be kept for several days by returning them to fresh and aerated hatching solution. It is advisable to use the nauplii no later than 2 days after they have hatched; in that time nauplii lose 60 per cent of their dry weight and differ nutritionally from freshly hatched nauplii (J. S. Clegg, personal communication).
Culture solutions for hydra
The specific ionic factors affecting the growth and maintenance of hydra have been particularly well studied.
Both calcium (Loomis, 1954) and sodium ions (Lenhoff & Bovaird, 1960; Muscatine & Lenhoff, 1965 ) are indispensible to Hydra littoralis and Chlorohydra viridissima.
In the absence of calcium ions the animals disintegrate in a few hours (Lenhoff, 1968) . H. littoralis may survive in a sodium-free solution, but such privation gives rise to gross abnormalities and to cessation of growth.
Specimens of C. viridissma disintegrate within several days if sodium ions are omitted from the environment. The symbiotic strain has a greater tolerance to sodium ion deprivation than the aposymbiotic strain (Lenhoff & Bovaird, 1960) . Muscatine & Lenhoff (1965) demonstrated that magnesium and potassium ions, though not absolute requirements, enhance the growth rate of C. viridissima. Potassium but not magnesium ions have a similar effect upon H. littoralis (Lenhoff, 1966) . In both species potassium ions also cause a 2-to 3-fold increase in tentacle length (Lenhoff, 1966) . The indispensability of environmental potassium ions in addition to calcium and sodium ions, and the growth-enhancing effects of magnesium ions, have been demonstrated for the brackish water hydroid Cordylophora lacustris (Fulton, 1960 (Fulton, , 1962 . Environmental calcium ions are also required for nematocyst discharge and for activation of the feeding response in these 3 species (Lenhoff & Bovaird, 1959; Fulton, 1963) . No specific anion requirements have been found for hydra.
H. littoralis grows equally well with either nitrate or chloride ions (Lenhoff, unpublished observations) .
On the other hand, Fulton (1962) found that although C. lacustris can survive and feed in the absence of chloride ions, no new hydranths develop.
In this laboratory 3 different culture solutions are routinely used. H.
littoralis is usually cultured in a solution consisting of 10--4 M KCI, 10--4 M NaHCO 3 and 10-3 M CaCl2 (abbreviated to 'KNC' solution). This is similar to the original culture solution ('L' solution) developed by Loomis (1954) , except for the addition of KCI. Bicarbonate ions have no apparent effect upon the growth of hydra (Muscatine & Lenhoff, 1965) and they are used to help set the pH in the range of 7.5-7.8.
Potassium ions somewhat decrease the duration of the glutathione-activated feeding response of H. littoralis (Lenhoff, I 965b) . Thus, for use in feeding response experiments, we always transfer the animals into a potassium-free solution containing 10-3 M CaCl 2 and 10--4 M NaHCO 3 ('CN' solution) for at least 2 to 4 days before an experiment.
The third solution, which was developed for culturing C. viridissima (Muscatine & , is now used routinely for culturing most of our species of hydra.
This medium, called 'M' solution, consists of 10-3 M CaCI 2 , 10-3 M NaHCO 3' 10-4 M KCl, 10--4 M MgCl2 and 10-3 M tris-(hydroxymethyl) aminomethane ('Sigma 121') adjusted to pH 7.6-7.8 with hydrochloric acid. We have also found 'M' solution suitable for rearing other fresh-water invertebrates such as the flatworms Dugesia tigrina and Mesostoma sp.
In laboratories having a central supply of piped distilled water it is important to pass the water through a cartridge of deionizing resin in order to remove the last traces of metallic ions. Copper ions are extremely toxic to hydra (Chalkley & Park, 1947) . Laboratories not having central distilled water may find our method for preparing distilled-deionized water convenient (Reasor & Lenhoff, 1968) . The chief features of this method are that it requires minimum surveillance and upkeep to prepare 80-100 litres of water daily.
Once the system is set up (about 6 hours) it requires little more than 30 minutes' care every 3 to 6 weeks. We use approximately 80 litres of distilled-deionized water daily to maintain about 300000 animals. Table I shows the constitution of the media used for the culture of hydra. Since calcium and bicarbonate ions will precipitate at the stock concentrations used, the CaCI 2 stock is prepared separately.
The other components are prepared in 1 concentrated stock solution.
To dispense the stock solutions conveniently and accurately (1 ± per cent), I litre plastic bottles are fitted with calibrated delivery spouts ( Fig. I, B) . We use a 30 ml dispenser on the 'M' stock solution and a 5 ml dispenser on all HOWARD M. LENHOFF AND RAY DuBOIS BROWN others. The 2 stock solutions should not be added to less than 2-3 litres of deionized water, otherwise the calcium salts will precipitate. 6 in 1 000 10-3 10-3 10-4 10-4 1 in 1 000 10-3
(M)
1 in 1 000 10-4 1 in 1 000 10-3 1 in 1 000 10-4 10-4 1 in 1 000 10-3 
Dilution
Final concentration *3 litres of stock 'M' solution (a) may be made by mixing 1 000 ml 0.5 M tris-HCI buffer pH 7.6-7.8, 500 mILO M NaHC03, 50 mIl.O M KCI, 50 mIl.O M MgCI2 and 1400 ml distilled water. tTris-HCl buffer is prepared from aIM solution of tris adjusted to pH 7.6-7.8 with a mixture of equal volumes of water and concentrated HCI. The solution is diluted to almost 2 litres, the pH checked and readjusted as required, then brought to a final volume of 2 Iitres. The buffer is refrigerated until needed.
We seldom employ the once useful bicarbonate-Versene-tap culture solution known as 'BVT' (Loomis & Lenhoff, 1956) , because EDTA-treated tap water is a solution of unknown ionic composition and varies from laboratory to laboratory, and most tap waters contain microorganisms that can play havoc by infecting the hydra colonies.
Also, although the EDTA chelates toxic copper, it also chelates essential calcium.
There may be, however, emergency occasions (or classroom exercises) when 'BVT' is needed. To prepare 'BVT' stock solution, 20 g of NaHCO 3 and 10 g of Na 2EDTA are dissolved in I litre of tap water.
Addition of 5 ml of this stock solution to 5 Iitres of tap water produces 'BVT'.
Care of hydra
Hydra are relatively undemanding laboratory animals.
They will flourish, doubling in number by budding about every 1-4 days (Table 2) , provided they are fed regularly, and their culture solution is properly constituted and changed daily. Cultures may be left for long periods (up to about a month) without feeding; starved hydra merely get smaller.
Maintenance of logarithmically growing cultures, however, demands a rigorous daily schedule of feeding and cleaning. (Whitney, 1907) , but were derived from an individual hatched from an algaefree embryo of Chlorohydra viridissima (Florida strain, 1961 ).
Feeding. The nauplii collected from 1 hatching bag provide sufficient food for 20-30 densely populated trays (about 5000-10000 hydranths per tray) of hydra.
After thoroughly rinsing the nauplii free of saline solution, suspend them in hydra culture solution.
Using a plastic baster, spread the suspension of nauplii quickly and evenly throughout the tray of hydra.
Supply sufficient Artemia so that the polyps have fed to rep,letion within 10-15 minutes.
Do not put so many nauplii in the dish that the water fouls and carcasses of nauplii adhere to the slime in the dish. Animals that have been without food for 2 or more days should not be fed too heavily, as they tend to detach from the tray.
First daily cleaning. The purpose of this step is to rid the trays of any Artemia not ingested.
Change the culture solution about 30-45 minutes after the hydra (H. littoralis, C. viridissima, H. pirardi) are fed.
Because some species, like P. oligactis and P. pseudoligactis take longer to release captured but uningested prey, wash these species 60-90 minutes after feeding the polyps. Cleaning is relatively simple and rapid. Gently swirl the solution in the tray (to dislodge any nauplii adhering to the bottom) and invert the tray over the sink. Add about 250 ml of clean culture solution, gently swirl and pour out the contents, making certain to remove all free nauplii.
Lastly, add about I litre of fresh culture solution to the tray. Pour this solution along the side of the tilted tray, and not directly onto the hydra; otherwise the animals may express the contents of their gut, or become dislodged.
Do not leave the hydra without water for too long because desiccating animals tend to regurgitate.
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M. LENHOFF AND RAY DuBOIS BROWN Such a cleaning procedure is fast. Although a few animals may be lost, it is not economic to take pains to retrieve them. If the dislodged polyps must be recovered, as when starting a new culture, pour the solution from t~e tray directly into a large casserole dish, not into the sink. If only a few dislodge, they can be retrieved individually with an eyedropper.
If large numbers dislodge, they may be separated from the nauplii by means of the swirling procedure described below in the section on 'total cleaning'.
Sometimes, however, because of large numbers of free Artemia, it may become difficult to retrieve the loose hydra by means of the swirling procedure without carrying along large numbers of nauplii.
In such instances, merely allow the casserole dish containing a mixture of hydra and nauplii to sit for an hour or two. By that time many of the hydra will have attached to the dish with their basal disc and simply by inverting it the nauplii can be eliminated.
This process can be repeated until most of the hydra are retrieved.
Second daily cleaning. Once having ingested food, hydra take about 6 hours to regurgitate undigested material, such as exoskeletons of the nauplii. This interval may vary with the species of hydra, with temperature, and with the nutritional state of the animals before they are fed. For example, hydra kept at 22-24°C regurgitate between 4 and 8 hours after feeding, while animals kept at 18°C regurgitate within 8-12 hours of the meal. Animals fasted more than 1 day take longer to regurgitate.
To keep a smoothly running daily schedule, animals regurgitating within 6 hours of feeding are desirable.
In all cases it is essential to remove regurgitated pellets from the dishes daily, or they adhere to the dish, the water fouls, and bacterial and fungal contaminants proliferate rapidly. Hydra grown and maintained under these conditions are unreliable for use in most experiments unless they are kept in clean culture solution for a day or so before use.
The procedure for the second daily cleaning is much simpler than that for the first cleaning because the solid wastes consist only of about I regurgitated food pellet per hydra, rather than large numbers of excess nauplii.
To remove the regurgitated pellets, gently shake the culture tray, and then invert it over the sink. Add about 250 ml of culture solution to the tray, swirl the solution to remove any remnants of pellets, pour out this wash solution, and add 1 litre of fresh culture solution.
The entire procedure takes about I minute per tray.
Should large numbers of hydra dislodge during the second cleaning, as may occur if the cultures are densely populated, they may be retrieved by passing the water from the tray through a 125 mesh (0.2 mm intervals) net. The contents of the net (hydra and pellets) are washed into a casserole dish, and the animals are separated by the swirling method described under 'total cleaning' below. A 38 mesh (0.66 mm intervals) net may be used to separate ]49 hydra from some of the excess nauplii during the first cleaning process.
The net retains the larger hydra, and allows most of the nauplii to pass through; a disadvantage is that numerous hydra become enmeshed in the net and are not easily retrieved.
Total cleaning: Harvesting of mass cultures and cleaning of culture trays.
When large numbers of hydra (tens of thousands) are needed for an experiment, or when it is necessary to remove the excess bacterial slime that has accumulated on the bottom of the culture trays, the following procedures should be used. Pour off about i of the culture solution from the tray. Dislodge all hydra by gently rubbing the finger tips over the bottom surface of the tray, and pour the solution with hydra into a large casserole dish. (When harvesting 20-40 trays for an experiment, a modified window 'squeegee' can be used to dislodge the animals.)
Usually, the contents of 2-6 trays can comfortably fill a single 2 litre casserole dish. Next, swirl the combined contents, and within a few minutes the hydra will collect in the centre of the dish (see Loomis & Lenhoff, 1956, for illustrations) .
As soon as this happens, transfer the mass of hydra with a basteI' into a casserole dish containing clean culture solution.
If you wait too long, pellets or bits of slime will also collect in the centre mass. Repeat the swirling, collection and transfer processes 2-4 times, or until the hydra are free of debris.
(Since this cleaning and harvesting process deals with tens of thousands of animals, do not bother to retrieve small numbers left behind in the dishes.)
The necessity for regular total cleaning depends upon the amount of accumulated slime in the dishes and upon the density of animals.
The amount of slime will be substantially reduced by assiduous attention to daily cleaning schedules and by using nauplii hatched fresh from antiform in-treated cysts. Our hydra undergo total cleaning about every I to 2 weeks.
The best time of the day to totally clean is immediately following the second daily cleaning.
Hydra cleansed at this time will adhere readily to clean culture trays and can be fed on the following day.
After total cleaning a densely populated tray of hydra it is not wise to place all those animals back into one tray. No matter how clean the tray, crowded animals tend to detach more readily than animals in sparsely populated trays. The animals collected from one dense tray can be used to seed 3-6 new trays.
In this way, large numbers of stock animals can be grown in a few months.
General procedures and precautions
'Pyrex' trays are ideal for cultivating hydra.
They are easily stacked (Fig.  I, A) and thereby permit the maintenance of large numbers of animals in a minimum of surface area. The topmost or unstacked tray should be covered (0.56 cm plexiglass cut to 26 x 37.5 cm) to minimize contamination.
The AND RAY DuBOIS BROWN trays may be kept in drawers and cabinets because most hydra apparently have no specific requirement for light. An exception to this is the symbiotic strain of Chlorohydra viridissima which, in the absence of light, will lose its algal complement (Eakin, 1961) .
For convenience in raising 50 large trays of I species of hydra we have constructed racks into which the trays slide.
The surface on which the hydra are to be observed should be of black 'Formica'.
The hydra can be most easily seen if a 3-4 ft (I m) fluorescent lamp is placed on the black table top a few inches from the culture tray (Fig.  1) . In such 'dark-field' illumination each hydra stands out sharply.
Contamination of cultures of one species of hydra by specimens of another can readily occur unless special care is taken.
For example, when feeding the hydra cultures, never dip the baster containing the nauplii into the culture medium of any tray, because a floating hydra may adhere to the baster and be transferred to another tray. Likewise, when pouring clean culture solution from a beaker into a tray, do not allow the beaker lip to contact the solution in the tray. Thus, keep separate basters and beakers for each species cultured.
Another possible source of contamination occurs during the total cleaning procedures if casserole bowls are not thoroughly clean. Also, some hydra may adhere to the finger tips while dislodging them from the culture trays, and fall into and contaminate another tray of animals.
To avoid this, it is advisable to wear disposable plastic gloves during total cleaning. Start harvesting the nauplii; while the nauplii are settling, Artemia for the following day may be seeded.
Feed hydra.
Between this time and the first daily cleaning period, culture solutions may be prepared; those animals being starved may have their culture solution changed.
First daily cleaning to remove un ingested shrimps from hydra culture.
Second daily cleaning of hydra to remove regurgitated material.
A sample daily schedule is given in Table 3 . By following this schedule (adjusted to the number of hydra), 1 person can care for 500000 hydra daily with as little as 2t-3 hours of work. When a new culture solution is to be tried, the ability of that solution to support logarithmic growth of the animals should be tested in the following way.
Place 5 hydra, each having 1 bud, into a petri dish containing about 30 ml of culture solution.
Record the number of hydranths in the beginning culture as 10 hydranths. A hydranth is defined as the 'food catching' portion of a polyp, and since it is difficult to distinguish the time when a new bud differentiates a mouth, we arbitrarily designate the earliest indication of a bud as a hydra nth (Lenhoff & Loomis, 1957) . Feed the hydra to repletion with Artemia nauplii.
After they have fed for about 30 to 45 minutes, wash them free of uningested nauplii.
Be sure to recover any small buds that are washed out between procedures, and put them back into the petri dish.
The next day, count the number of hydranths in the culture. Repeat the daily procedure of feeding and cleaning for at least 5 to 7 days. On the logarithmic scale of a sheet of semi-log paper, plot the number of hydranths against the number of days that the experiment has been conducted.
From the linear part of the plot, the doubling time may be calculated.
The logarithmic growth rate constant k can be calculated by dividing the natural logarithm of 2 by the doubling time T according to the equation k=0.693jT (Loomis, 1954) . Table 2 provides some examples of k and T values of hydra grown in 'M' solution.
DISCUSSION
Not only have many species of hydra been reared successfully in the laboratory, but so have nearly a dozen brackish-water and marine coelenterates (see Lenhoff, 1970) . To what can we attribute the remarkable success in the laboratory rearing of coelenterates when so little success has been attained with aquatic invertebrates of other phyla?
We think the following 4 criteria account for the achievements in coelenterate husbandry: suitable culture solutions have been devised; a supply of live food of high and stable nutritional value (Artemia) is available on demand; the animals attach to a solid surface, thereby facilitating cleaning; the animals multiply by asexual reproduction.
These principles should also apply to the culturing of aquatic invertebrates never before raised in the laboratory.
Before the newly cultured invertebrate is used for experimentation, however, certain procedures should be followed. First, a simple quantitative measure for growth and reproduction of the organism should be adopted, such as wet weight, number of hydranths, number of individuals, stolon length, etc. Next, the assay should be used to determine the variation in physical factors that the organism can withstand, such as pH range, oxygen requirement, salt tolerance and temperature threshold.
After those factors have been analyzed, a 'plateau' set of conditions can be selected where growth is affected mostly by the amount of food ingested.
Then, and only then, will there be a solid basis for further experimentation on that organism.
Of the many practical advantages of maintaining mass cultures of an invertebrate in the laboratory, we have found 2 to be particularly rewarding.
First, AND RAY DuBOIS BROWN much control over the physiology of the animal has become possible. By controlling such variables as feeding schedule, composition of ionic environment and pH, for example, it is possible to obtain large numbers of animals which are in the same developmental stage and which respond nearly in synchrony to such variables as the hydra feeding activator, glutathione. Sexual differentiation can be controlled in a predictable fashion by either the pCO 2 (Loomis, 1957) in H. littoralis or by the degree of feeding (Rutherford, Hessinger & Lenhoff, 1965) in C. viridissima.
Calcium ions are needed for nematocyst discharge (Lenhoff & Bovaird, 1959) , while cyanide can inhibit the feeding response but not nematocyst discharge (Brown, Reasor & Lenhoff, unpublished observations) .
A calculated treatment with caesium and sodium ion can lead to hypersensitive animals (Lenhoff, 1966) . Manipulation of the concentrations of environmental sodium ions can effect cnidoblast migration, and can even produce developmental monsters (Lenhoff & Bovaird, 1960) .
But perhaps the most significant benefit of growing invertebrates in the laboratory is that it gives the investigator a greater chance to uncover the natural history of the animal than he would have by studying the animal only in its natural habitat, for he can observe the animal for longer periods, under more comfortable conditions, and under controlled environmental and physiological circumstances.
The truism that 'many of our best experiments have come from some accidental observation' is especially applicable in the case of laboratory-grown organisms.
Because opportunities for continued observation and experimentation on an intact organism are greatly increased, a wide variety of unusual situations are chanced upon.
It is by such surveillance of our cultures that we have gleaned knowledge of: hydra's growth conditions (Loomis, 1954) and metabolic rate under different environmental conditions (Lenhoff & Loomis, 1957) ; the chemistry and physiology of hydra's defense mechanisms (Lenhoff, Kline & Hurley, 1957; Blanquet & Lenhoff, 1966) ; the chemical control of hydra's feeding behaviour (Loomis, 1955; Lenhoff, 1961) , and other behavioural modifications (Blanquet & Lenhoff, 1968) ; the biochemistry of intracellular digestion (Lenhoff, 1961) ; mechanisms of algal-hydra symbiosis (Muscatine & Lenhoff, 1963) ; such developmental features as cnidocyte migration (Lenhoff, ] 959; Lenhoff & Bovaird, 1961) and changes occurring during budding (Li & Lenhoff, ] 961); and genetic developmental abnormalities (Lenhoff, 1965a) . fellowship to RDB, and USPHS career development award GM 5011 to HML.
